539-542* 1958* -Maximum urinary concentration, achieved after dehydration or after administration of vasopressin, was significantly higher in rats prefed for 3 days on a 40% protein diet, or a 107~ protein, 107~ urea diet, than in the same rats fed an isocaloric diet containing loyo protein. The effect of protein in enhancing renal concentrating ability was slightly but significantly greater than that of an isonitrogenous quantity of urea. The solute concentration of urine excreted after large amounts of exogenous vasopressin was not as high as that reached after dehydration alone.
D form of protein
and urea enhance considerably the ability of normal men to concentrate the urine (I) . In addition, preliminary hydration or dehydration appears to condition the renal response to vasopressin (2) .
The present experiments in rats were undertaken to examine in a more precise and controlled fashion than was feasible in human beings the comparative effects of protein and urea on the renal concentrating process. The results confirm in the rat that renal concentrating ability is augmented by prior feeding with protein or urea as well as by dehydration, and suggest that protein has a slightly greater action in this regard than an equivalent, isonitrogenous supplement of urea.
METHODS
Fourteen white male Sprague-Dawley rats weighing 350-500 gm served as their own controls in repeated tests of the effects of alternating dietary regimens. The rats were main- in rats on a high-solute diet from that sustained by the same animals when they were on a lowprotein diet. Evidently prior feeding with protein or urea enabled these animals to adapt to the added load of solutes requiring urinary excretion by conserving water more efficiently.
RESULTS

Effect of Prior Feedings of Protein and Urea on Maximum
Urinary Concentration Achieved After Dehydration (Table 2) . Maximum urinary osmolality during dehydration was considerably augmented on a high-protein diet (40% protein) or a high-urea diet (IO% protein, IO% urea), as compared to a diet low in protein (IO% protein) . This effect could not be ascribed to greater dehydration during the final period of urine collection when food and water were withdrawn, since loss of weight during this time was not significantly different
Effect of Diets Rich in Protein or Urea on the Renal Response to Exogenous Vasopressin When Dehydration
Was Prevented (Tables   3 and 4 ). The possibility remained that rats on a diet high in protein or urea might be slightly more dehydrated at the beginning of a test than they had been on a low-protein diet, and that this might be solely responsible for their increased ability to concentrate urine on the former regimen. In order to investigate this alternative, urinary osmolality was measured after injection of IOO mu and 650 mu of vasopressin in oil (procedures B and C, fig. I ). Water was given by stomach tube to rats on a diet high in protein or urea during the final IZ-hour collection period in amounts designed to prevent net loss of weight during this time. Rats on a low-protein diet, on the other hand, were permitted to lose water by urinary and insensible routes without replacement. Despite the fact that dehydration was prevented when rats received protein or urea, their maximum urinary osmolality after vasopressin remained higher than on a low-protein diet, even though in the latter case the effect of exogenous vasopressin was augmented by 14 hours of dehydration. which they a r e converted.
DISCUSSION
The effect hypertrophy known (9-1 I mented with of dietary protein in producing of the kidneys of rats is well > . When the diet of rats is suppler nitrogen in the form of urea, renal by the same rats on the same high-nitrogen diet after the injection of IOO or 650 mu of vasopressin when dehydration was prevented (procedure C, fig. I ). This is consistent with observations of others that injecting large amounts of posterior pituitary substance into hydrated normal human beings does not produce as concentrated a urine as does prolonged dehydration (2-7). Comparative Effects of Protein and Urea on the Renal Concentrating Process (Table 4) . &Iaximum urinary concentration tended to be slightly higher in rats fed a 40% protein diet for 3 days than in the same rats fed a diet containing the same amount of nitrogen but in which three-quarters of the nitrogen was present as urea. This difference was apparent whether maximum urinary concentration was achieved by dehydration (mean difference = 14~ mOs/K), by iniecting IOO mu of vasohypertrophy, less marked than with protein feeding, has been reported (IO, 12,  13) and denied (9, II). Dicker, Heller and Hewer (14) found that although glomerular filtration rate and renal plasma flow tended to rise in proteindeficient rats kept on a diet of turnips, Thl for Diodrast decreased, and the average maximum urinary specific gravity fell from 1.070 to 1.041. Gamble, McKhann, Butler and Tut,hill (IS) described "an economy of water referable to urea," noting that rats fed large quantities of urea excreted less urine than if urea were replaced in the diet by an osmotically equivalent quantity of inorganic salts. Since the rats of Gamble et al. were permitted to drink ad libitum and were not given exogenous antidiuretic hormone or otherwise forced to excrete a maximally concentrated urine, the (I) . The present experiments demonstrate that in the rat, prior feeding with urea or protein augments the ability of the kidneys to concentrate the urine so efficiently that net losses of water were no greater following a high-nitrogen diet than after a low-protein diet, despite the greatly increased excretory load of solutes in the former situation. The mechanism by which urea or protein improves renal concentrating ability is not clear. It is possible that back-diffusion of urea across the collecting ducts into the medullary interstitial fluid may render some portion of the urinary urea osmotically ineffective in restraining water from reabsorption. has demonstrated that renal tubular handling of urea in the camel can be greatly influenced by the amount of protein in the diet and has suggested that white laboratory rats as well as desert rats (IS) may be able to secrete urea. This would not explain an increase in U max in rats fed protein unless urea were secreted into the urine at a site in the renal tubule distal to the final reabsorption of water. There is evidence both in man (I) and the rat (personal communication from Dr. J. D. Crawford) that prefeeding with urea increases the maximum concentration of nonurea solute in the urine, as well as the concentration of urea.
The slight but statistically significant difference demonstrated in the present study between the effect of isonitrogenous feedings of protein and of urea might have been exaggerated if the period of prefeeding had been longer than 3 days. The results suggest that some component of casein, perhaps an amino acid or polypeptide (IS>, may be effective in improving the ability of rats to excrete a highly concentrated urine.
